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FLEXIBLE FREQUENCY-TIME DIVISION DUPLEX 
IN RADIO COMMUNICATIONS SYSTEMS 



Fipld of the Invention 

The present invention relates to radio communications systems, and more 
particularly to duplex schemes in time-division multiple-access (TDM A) systems. 

Background of the Invention 

Most time-division multiple-access wireless communications systems 
employ either a time-division duplex (TDD) scheme or a frequency-division - 
duplex (FDD) scheme to separate uplink and downlink transmissions. Since both 
duplex schemes provide certain advantages and disadvantages, both schemes are ~ 
routinely utilized in wireless communications applications. * 

- For example, in- the Personal Wireless Telecommunication (PWT) . _ 

standard, time^iVision^multi^^ccessrwim time-division duplex is used for 
" frequency : planning : as : Well ;a§-' signal packet and time»slot<assignment. Such a, 
: time-division multiple-access / time-division duplex scheme is* well suited for • . 

. many business wkeless ^communication applications (^g., sn^ll-campus systems 
with micro or pico cells).- • v ■«» -. l;- .... 

'On the other hand^time-division multiple-access with; either time-division 
duplex or frequency-division, duplex can be preferable "for licensed Personal " "J ' 
Communication Service (PCS) frequency bands, depending upon customer 
demands and marketplace requirerr|ents. In other words, since the structure of a 
Personal Communications Servic4system is primarily detemiined by a service 
provider having acquired a portion ;of the frequency spectrum 1 , the technology and 
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a 

demand 



frequency usage implemented in such a'system is ultimately driven by customer 
demand as well as legal and practical constraints. While a first customer may 

request a time-division multiple access / time-division duplex system for a 

... i '*. ...f{ ? jr •:.!.«> ( v 7 ^7 *vo : ' : . y ^ . m ■ 

particular business wireless application, a second customer may thereafter i 
• "* i "•' " ~ . "*Jifv? - -sru :*:f:^j'» r '■nil. .i.li>/ •v w »7:,; , x»:: , j ? i . ,~ s ■ - - ••, 

5 a time-division multiple access / frequency-division duplex system for a wireless 

local loop application. , . 

Thus, service providers are often required to convert between duplex 
schemes. Cony erting between schemes, however, typically results in duplicated 
effort and therefore wastes significant time and resources. For example /since the 

10 conventional time-division duplex and frequency-division duplex schemes are 

• • "<jS . •;*:.. rr ri * r,-:.: :*«': .7 cc - ''.v.. ' : y 

fundamentally different, it generally is not feasible to use a common hardware 
■ •; . *-. - : f it- * v rT ; ro ,y. • /.\ ' . 

platform for both types of system. As a result, two development teams are 

typically assigned, and two separate product lines are usually established, to 
provide for both time-division duplex and frequency-division duplex 
15 implementations. ■ f 

Thus„there is a need for a flexible duplex scheme which will allow a 
communications system to be adapted to satisfy varying customer needs without 
requiring modification of basic system hardware architecture. 

: ".'..»• '.in*' t< „ -> 'i L : . .:.{!,.*: 'rja.wy:-:. tAvi. : . ' 7 .<• - . r.. 

20 r Summary of the Invention . . . 

The present invention fulfills the above-described and other needs by 
•3- r; . De.r, ra*.';r- .-G'-rj ,;: ;■■ 

providing a flexible division duplex mechanism in a time-division multiple-access 

communications system. More specifically, the disclosed system utilizes a mixed, 

or hybrid division duplex mechanism such that uplink and downlink transmissions 

25 are separated in frequency while time slots associated with transmission and 

reception are also separated in time. The hybrid duplex scheme, referred to 

herein as frequency-time division duplex (FTDD), allows alternative division 
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duplex mechanisms to be selectively implemented within a communications system 
without requiring modification of the basic system hardware architecture. 

The frequency-time division duplex system of the present invention 

ware 



:-access / 



provides the advantages of low power consumption and reduced hardv 
complexity normally associated with conventional time-division multiple- 

time-division duplex systems, wnile also providing improved interference 

r ■;:.;'< \i - - 

characteristics by separating uplink and downlink frequency bands. Further, the 
proposed system allows a single hardware platform to be used for multiple 

technologies and applications. For example, base stations designed for a 'business* 

' ■•' "> " • - -v '1* '.£' ir:;\ . 14 • • v. vi<>? - \ u }.-■,. - * : 

wireless system based on time-division multiple-access / time-division duplex 

technology can also be used, with minor changes, for wireless local loop (WLL) 

•.*.**: -i.S r - .. trV - -..v^i :o. M ?.■ <$ r ;v> \ , -, " : 

applications conventionally based on time-division multiple-access / frequency- 

• :*n.fris,z' -.-.v. .ijjiO-: ^ -.A ..rw. . /• : • ;'; ; i 

division duplex technology. Thus, embodiments of the invention allow the non- 

recurring engineering costs typically 'associated with technology and product 

- • -re i.ri > r.z5upsu r,ii:: u'^ . * : ,'• -iv w * • i , 

development to be substantially reduced. As a result, development schedules and. 

. ?f. .■:*_ . 

production cycles for implemented systems can be shortened, and se 
product providers can respond more quickly to customer and market dec 
According to an exemplary embodiment, a base station includes a 
transceiver configured to transmit downlink communications signals to mobile 
stations via a first carrier frequency and to receive uplink communications signals 

from the mobile stations via a second carrier frequency, the "downlinked uplink 

■ - > \ ' "lis cr,> ' ; : ;:-^c-\ v*'. : ; .•('"*• .■■ - Ki:v-. 1.42'* * 
communications signals being transmitted and received via successive tune 

division multiple access frames, each frame including a plurality of tune slots. 

For each active communications link between said the station and a particular 

< : ' '..i ; ' . * .* ; ;''vj? tu v. - ;; • > . r - 

mobile station, a first time slot in each frame is allocated for downlink 

communication to the particular mobile station and a second time slot in each 

frame is allocated for uplink communication from the particular mobile station, 



service and 
Lemand. 



WO 99/26437 



PCT/US98/24370 



■4- 

the first and second allocated time slots being separated in time by a fixed time 
offset. Advantageously, a duration of the fixed time offset can be different for 
each active communication link (e.g., for each call established). For example, 
where each frame is of duration T and includes 2N time slots, each time slot being 
of duration T/2N, the fixed time offset for each active commutation link can be *■ 
AT = (T/2N)*m, where m is an integer in the range from Ttb 2N-1. 

According to an alternative embodiment, a base station includes "a 
transceiver configured to transmit downlink communications signals to mobile 
stations via a first carrier frequency and to receive uplink communications signals 
from the mobile stations via a second carrier frequency, the downlink anil uplink 
communications signals being transmitted and received via successive time 
division multiple access frames, each frame including a plurality of time slots. 
Advantageously, a downlink signal processing path and an uplink signal 
processing path of the transceiver share* common signal processing components. 
For example, the shared signal processing components can include one or more or 
a filter, a local oscillator and a modem. 

The above described and additional features of the present invention are 
explained in greater detail hereinafter with reference to the illustrative examples 
shown in the accompanying drawings. Those skilled in the art will appreciate that 
the described embodiments are provided for purposes of illustration and 
understanding and that all equivalent embodiments are contemplated herein. 

Brief Descri ption of the Drawings 

Figure 1 depicts an exemplary" wifeTe^^c^ system in which 

the teachings of the present invention can be implemented. 
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Figure 2A depicts a base station and a mobile station communicating in 
accordance with a. conventional time-division multiple-access / time-division 
. jiuplex scheme. j 

Figure 2B depicts an exemplary time slot arrangement in a conventional 
5 time-division multiple-access / time-division duplex system. 

Figure 3A depicts a base station and a mobile station communicating in 
accordance with, a conventional time-division multiple-access / frequency-division 
duplex scheme. 

Figure 3B depicts an exemplary time slot arrangement in a conventional _ 

' . - " i, r ■•■ /.• i . ,v ; . :; ... r;>i\ r J' - : .f err 

10 time-division multiple-access / frequency-division duplex system. - , 

Figure 4A depicts a base station and a mobile station communicating in ~ 

accordance with a flexible time-division multiple-access / frequency-time division 

duplex scheme according to the present invention. 

Figure 4B ,depicts an exemplary time slot arrangement in a flexible time* 

' if * J. ' l- : ■.,*-'«;"'; 't.. r..>i'i*". f ." ~ ; f. •'«..* :■■ ;ri\'; .. \ :v .• 

15 division multiple-access / frequency-time division duplex system according to the 

invention. 

Figure 4C depicts an alternative time slot arrangement in a flexible time- 

division multiple access / frequency-time division duplex system according to the 

j"- ' » <• r - - f r. .•; .*"!*>?', ■ j'rv r*?:. 7 ?-r! «: ..J:,;. j'» r; A , £ . : 

invention. ..... 

20 Figure 5 is a block diagram of an exemplary transceiver constructed in 

accordance with the present invention. 



25 DetaUed Description o f the Invention / 

Figure 1 depicts a wireless communications system 100 in which the 
teachings of the present invention can be implemented. As shown, the exemplary 



Qncnnrirv tx«c^-S7A i I 
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wireless system includes ten cells or coverage areas C1-C10, ten base stations Bl- 
BIO, a timing master TM and ten mobile stations M1-M10. Such a wireless 
system can be constructed, for example, in accordance with the Personal Wireless 
Telecommunication (PWT) standard, arid can therefore be used, for example, to 

5 Drovide mobile communications within a building or throughout a campus 

including many buildings and open areas. Generally, a wireless system can 
include far more than ten cells! ten base stations and ten mobile stations; however, 
ten of each is sufficient for illustrative purposes. . 

As shown, one or more base stations can be situated in each of the cells. 

10 Although Figure. 1 shows the base stations located toward the cell centers, each 

base station can instead be located anywhere within a cell. Base stations located 
toward a cell center typically employ omni-directional antennas, while base 
stations located toward a cell boundary typically employ directional antennas. 
The timing master TM, or radio exchange^ mamtains timing synchronization 

15 between the base stations as is known in the art. The timing master can be 

connected to the tjase stations by cable, radio links, or both. 

Each base station and each mobile station includes a transceiver for 
transmitting and receiving communications signals over the air interface. 
Typically, the base and mobile stations communicate using a form of time, 

20 frequency or code diviskm multiple access (i.e. /JDMA, FDMA or CDMA) as is 

known in the art. As the mobile stations move within a cell and from cell to cell, 
communication with at least one base station is always possible. As a result, 
mobile station users are able to place, receive and conduct calls anywhere within 
( the overall system coverage.area. . it( ( n . . . . 

25 To uluminate the features and advantages of the hybrid, frequency-time 

division duplex (FTDD) scheme of me present invention, conventional time- 
division duplex (TDD) and frequency-division duplex (FDD) schemes are 
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described hereafter with respect to Figures 2A, 2B, 3A and 3B. Without loss of 

• . i ; .■ .' • -v. v: - . j , >-.?:?;r : • 

generality, the channel definition in the Personal Wireless Telecommunication 

standard is used to illustrate a conventional time-division multiple-access 

(TDMA) / TDD system. Although channel definitions can differ between 

" T / • .* vc ""** * is3 hr^. .j-:.;o BJ2 ' I erf.;,,;. ■• . 

standards, the underlying multiplexing and duplexing concepts remain the same. 

Figure 2A depicts uplink and downlink communication according to a 

• • • " • -i-. v. v^r • 1 s .r>*; . r. ; -Mi. -'-c: : h:;:.i-: . j.r . i- 

conven'tional TDD scheme. As shown, signals transmitted from a TDD base 

station B20 to a TDD handset M20, and those transmitted from the TDD handset 

M20 to the TDD base station B20, are separated in time. If, as shown in Figure^ 

2B, a predetermined time interval T represents the duration of a single TDMA I - 

TDD frame T20, then the separation between uplink and downlink transmissions _ 

is typically one half of the predetermined time interval T, or T/2. In a Personal 

Wireless Telecommunications system, each frame is 10 milliseconds in duration . 

and includes twenty-four data slots. Within a data frame, twelve time slots are 

i.vi '':'jt^- "f : r' f i.' .. .^r^ri-.. if. . vnsr^ • • ■ 

used for transmission (from the TDD base station B20 to the TDD handset M20), 

and the remaining twelve time slots are used for reception (i.e., transmission from 

.,:Jr.r ic cibEi .:?fa^ Vi , l..z -j.,.-. 

the TDD handset M20 to the TDD base station B20). Though transmissions and 

receptions are separated by certain fixed (or variable) time, they share a common 

■&■**•" j 'i. 5L\*> d'.r.zi?: irc\:zzi: : :; r ' :v. >- ?i.*v. izd^ Lt-i; -r'r > 
frequency band. The channel of such a system is therefore defined by a 

.. - 'L:j -i nine, r ^ -.. - 

predetermined frequency and time reference pair. 

Such TDMA / TDD systems are widely adopted in varioiis wifeTess 

»* ' ':■***.:•; :b: ^ iTj:) j^a ;.*».■■■.: cr\ • " - . ■ ■* ^ 

communications applications. An advantage of these systems is that of frequency 

efficiency, as both uplink and downlink transmissions use a common frequency 

carrier. Additionally, since transmissions and receptions are separated in time, a 

single hardware path (including filters, local oscillators, etc.) can be used for both 

functions. As a result, TDD systems are relatively low cost. Also, since 

receiving hardware can be turned off during transmission (and transmitting 
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hardware can be turned off during reception), TDD systems consume relatively 

little power. ^ : . . - > 

By way of contrast, frequency-division duplex (FDD) systems require 
separate frequency bands for uplink and downlink communications. This results 

5 from the fact that the receive and transmit operations are executed simultaneously 

in time at different frequencies. A channel in a FDD system is thus defined by 
the frequency of operation. Figure 3 A depicts uplink and downlink 
communications between a conventional FDD base station B30 and a conventional 
FDD handset M30, and Figure 3B shows an exemplary TDMA / FDD frame T30. 

10 Since both transmit and receive are accomplished simultaneously, separate 

hardware paths are required in both base stations and terminals. As a result, FDD 
systems are typically higher cost and consume more power as compared to 
conventional TDD systems. However, FDD systems provide relatively little 
cross-channel interference and are sometimes preferred from an inter-system 

15 perspective. In other words, a FDD scheme may be required to make a system 

compatible with proximate systems using an adjacent portion of the frequency 
spectrum. As a result, FDD systems have also been widely adopted in wireless 
communications applications. 

Though both TDD and FDD systems do provide certain advantages, 

:";t : \ 'e . : •■. ■ ' \ " . -srr.J f .O: s:" 1 v>"?;„ :.■■*■; , .::.■';.;*-[ . 
20 neither is ideally suited for all wireless communications applications. Further, as 

described above, the fundamental differences between TDD and FDD make it 

. difficult to adapt, a system configured specifically for one or the other to conform 

with a particular application need. Advantageously, the present invention 

* *'• . . ~ f: i > V .*:: Sr . : \. t .-,'-.] v '. . ./,; 3 v>r ; - . ■ i 

provides a hybrid, frequency-time division duplex (FTDD) scheme which 

25 provides certain of the advantages of both types of conventional system and which" 

further allows a single hardware configuration to be readily adapted to suit 

virtually any wireless communications application. 
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i:- 

To illustrate the FTDD system of the present invention, a TDMA data 
frame is defined as including 2N time' slots (N an integer) in which N slots are 
reserved for downlink transmission from a base station to a portable and the 
remaining N slots are reserved for uplink transmission from a portable to a base 
5 , station. Assuming, without loss of generality, that the time durations of uplink 

and downlink slots are u and d, respectively, then the duration T of a single frame 
is given by: 

* N(d+u)'= T. - (1) 

Since transmit and receive time slots are usually of the same tune "duration 
10 (i.e. , d = u), half of the frame, or T/2, is usually reserved for downlink 

transmission and the rernaining half of the frame is' usually reserved for uplink - 
transmission. 

*':;•■ *rf. ; .■ O': . ;*:,- . ■ itw% ;ri. : .» - V t.\ * r . - ■■ , 

According to the invention, a duplex link is set up with both frequency and 
;•■**. £**.. • .:/iy. - /2-vjrJ'T .t t ■ ^ Y'V 

time separation. Specifically, the uplink frequency f u is separated from the 

15 downlink frequency f d by a predetermined frequency offset Af as follows: c 

f u = f d -Af (2)* 

or 

f^f. + Af. "' -« (3) 

Equations (2) and (3) describe the frequency-division duplex aspect of the 

20 system. In addition to frequency separation^ time separation is also provided. 

*• - :T ; ■ '." )•":: -.»:;<:;,._• ■ :*r : ._ •;, v; ; -"i- 

Specifically, the uplink and downlink communications between a base 'station and ** 

i: * : x . • '.j </': : : .* : j :n . • * 

a portable are also separated by a fixed time offset. The specific time 'offset is 

i . ■ ' • .V =• "... !. :/r;;c: ; . w ,., .. - • 4 

based on a frame length' of 2N slots with a period of T/2N seconds/slot. The time 

duplexing can then be defined generally for an uplink packet as S u (t,) aiid for a 
v : v r: * !"■'. / _ ;i rt i ; :f>v:, .»•* : ♦•• - ' • -v . . 

25 downlink packet as S d (t , ± AT) , where t , is defined as the start time of the uplink 

packet and 

"•" at = time offset = (T/2N) * m (1 V m V 2>T- 1) (4) 



□ncrw-irv. ^iiin oooc ^ T7 A 1 t 
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(m being an integer which, according to the invention, can be different for each 
cqrnmunications link established between a base station and a mobile station). 
The combined time-division and frequency-division, aspects of the system can thus 
be described generally for theuptink .packet as _S u (tj,f u ) and for the downlink 
5 . . packet^ S d (t r +AT,&±^ ( ^ . _ „ . 

Thus, according, to the, invention, uplink and downlink transmissions occur 
at separate frequencies and on allocated time slot pairs, one time slot pair being 
i allocated -for- each active link established between a base station and a mobile 
station. For each active link, the allocated uplink time slot either precedes or 
10 * follows the corresponding. allocated downlink time slot, within each TDMA 

frame by the time offset AT. The allocated time slot pairing is then maintained 
for. the duration.of the link. , ; ,. frr .. > , - : 

Selection of the uplink and downlink time slots for each link can be based, 
for example, on a channel selection process which determines the best link 
1 5 arrangement. Determination of the. best link arrangement can in turn be based, for 

. \ .example,, on, an assessment of adjacent interference 
existing at the Jime. pf .call ...setup . v .Advanta^eouslv, either the base, station or the 
mobile station can be responsible for time, slot selection and allocation. For 
example, - the i; base station can select the. uplink time slot based on interference 
20 conditions at the base station, while the mobile station selects the downlink time 

-,. slot-based on conditions at the mobile . , yUternatiyely, the base station can select 
- -both uplink and downlink time slots, either, independently or on command from 

r A the mobile .stations. /: ::e , ; ^.... t _ , ; ... . ; ... 

Note that, because, each base station is. not limited to a particular portion of 
25 a frame for. uplink or downlink ttansmission, a single base station can be used to 

r , support portables, throughout a particular coverage area. In other words, since 
each slot within each TDMA frame can be allocated for either uplink or downlink 
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t) : 

transmission, and since the time offset between an allocated uplink and downlink 
time slot pair can be 'different for each- active link', w a single baiserstaiion can 
communicate with a mobile station "using ariy available time sfot^ahgement 
which may be preferable for the mobile: Of course, a single \Mse station can 
support at most N duplex lin^ 2fi time slots^per 

TDMA frame), and if traffic^conditions warrant it; a second" base station can be 
added in the coverage area to prbviHe ^>"r fihl time and sjpeciral' efficiency (i.e., 
both base stations together can support 2ft simultanediii 1 Conversations); ; * 

° Figure 4A depicts' a lhTO>Sase stati^^ - 
communicating in accordance witlTuie above described TDMA 7 FTDD scheme. 
As shown, uplink and downlink' conmunications are separated in both frequency ^ 
" and time. Figur e 4t* meria'epicts an exemplary combination of time slot pairings 
within a TDMA / FTDD data frame T40a for a single' basV Station. Those skilled^ 
in the art will appreciate thaVffie combmation of pairiiigs in f Figure 4B is but one 
example and that every possiofe combination 6f pairings Is 'contemplated by the - 
invention^ Furmermo¥e\"dlmou^^ pafr uvFigure 4B 

" utilizes the same time ' ofk^(i!i!\ J li¥ ±' T/2)?^si^^ca l m^c'an will realize 
that each pair can use fa d'Merent'^e orfseTfe^escribeil SDOve. ^ However, 
' assuming for purposes J of\lIusn-atrbn mkt'u^e'deipicted :t tim is in effect 

for a first base station, figure 4C tken depicts'a cbmplmien?ary time slot pairing 
which can be'useS , for example 'by a second corticated base station without 
causing Interference with" mV first base station, Together^, the first and' second co- 
located base stations provioie mlVtime and spectraf efficiency for tne coverage area 
in which they are situated (i.e., each frequency in each time slot within each 
TDMA frame is utilized for either uplink orddwnlink communication). 

According* to the' invention, appropriate' base station synchronization is 
used to enable a handset to conduct communication with any 7 base station in an 
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overall system. As is known in the art, such base station synchronization can be 
implemented via a timing master TM such as that depicted in Figure 1'. In 
implementations in which the time offset AT oetween paired uplink and downlink 
- ( time slots is variable across communications links (i.e., where each" active 
5 communication JUnk can potentially utilize a different time offset), appropriate 

overhead signaling is required between base stations to implement handovers 

'/.i^S^n iX'Z* s»i C.ncii A v ■>,..*.' 

(e.g. , information identifying the presently allocated pair is passed between base 

stations during a handover). However, in implementations in which each active 

^ C A i i -..:•] : ..y • v ■■ 

link utilizes a common time offset AT, the overhead can be significantly reduced. 

- •:■ ■'" -t>i. .••as;'-.? • ,. .■; 1 j~ •;• . , t 

10 See, for example, copending U.S. Patent Application No. entitled 

- •■' - . - - i . . ■ . . . a. . i . rii-.i* '■ ; * Vv.v ~. ■ . . : : . ; . ■ i 

"Fixed Frequency-Time Division Duplex in Radio Communications Systems" filed 

* ii«C<i z > • . ' : y,7 i. ,'. r:. f ... j-. •• ♦ 

on even date herewith, which is incorporated herein in its entirety by reference. 

Those skilled in the art will appreciate that the above described synchronization 

. i„ . • l .-^^"u. v. ~b ! ,r*, :.« i/cc- .rvy-'-i'"- n-1 ■: '. u: :* : : 1 
can be achieved via straightforward software modification of existing systems. 

15 An exemplary embodiment of the above described TDMA / FTDD system 

:. /v.;.., t./-:<]Q&'< ftl-*; . : * ;Llv:: ;. v -> z : ,:.? y: . 0 ^ r/1 ...., : ., |T , 

utilizes the U.S. Personal Communication Service band definition for uplink and 
downlink frequencies combined with the PWT(E) time-division definition. The 
embodiment utilizes a fixed AT = T/2 for all duplex links and operates with the 
.following parameters: .,....„_ £ 4 

20 AT = J/2 = 5 msec 

" " r AF « 80 MHz'- — ; * ' — ^ ■:';■»■"■;■■ * ' 

-T/2N: = t416i667^sec r . ... 4 . J . . . ; ;r , , . 

, , . . • - ... s u (t„f u ) ... . , ( 

" ' S d (tj ± 5 msec, f u + 80'MHz); ' 

As noted above, the TDMA / FTDD scheme of the invention provides, 
among other advantages, the power savings benefits typically associated with 
conventional TDMA / TDJD systems.. For example, since uplink and downlink 
transmissions are separated in time, the disclosed FTDD scheme enables the 
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transmit and. receive paths of a base station or mobile station transceiver to share 
certain components. This aspect of the invention is depicted in Figure 5. 

In Figure 5, an exemplary base station transceiver 500 includes a transmit 

signal processing path and a receive signal processing path. As shown, the 

'■ : '- ■ - • r - ! ' ?.Jiu: s.u\. ::s';- ; .c. : v.- tj.; 

transmit processing path includes first and second transmit blocks 510/520, first 

. *" ) r -f i ii: j; t\H'* r j-;,^? r; ' ■/■ j<> ■■ ** .• 

and second transmit / receive blocks 530, 540, a local oscillator 550, a duplexor 
o*: • : i i'tr. o?i..k v ■};-. i ri r i^:t:2y. \: • UtrJ* .N; - . , „ 
560 and an antenna 570. Additionally, the receive signal processing path includes 

the local oscillator 550, the duplexor 560 and the antenna 570, as well as first and 

• »" ' ' « . ~vv. j.i . '//i;^ 1 :: _ .> 

second receive blocks 580, 590. 
:•- v. . ' :;i ^*:*.», . ,j£ 1 • . -vr — - - " 

The first transmit block 510 can include, for example, a conventional 

upconverter, "and the second transmit block 520 can include; for example, power 

: • s.urvv'..": x t: O o . .-,, ! v.* :i; r j" -■ ,~ c ' T 

amplifiers and mixers. Additionally, the first receive block 580 can include, for 

-* ; " j - r; '"- x .. sii hsji-i f -"50.J ii/i i .. ... , , _.. 

example, low noise amplifiers (LNAs) and mixers, and the second receive block 
- ; ■--'•* ';vod.' 5 -jr-i jsrj -ry^Ki//; /r; - r ■ . . _ 

590 can include, for example, a conventional downcoverter and limiter. The first 

transmit / receive block 530 can include, for example, a modem/and the second 

transmit / receive block 540 can include, for example, bandpass filters. The 

duplexor 560 can be, for example, a two-way filter or a switch. 

J - ' - ' : ' :i'ti i^iTVV" t; jr •?;:} •;■-:{ f "- " ; 

During downlink transmission, the duplexor 560 couples the antenna 570 



to the second transmit block 520 and isolates the antenna 570 from the first 



receive block 580. Baseband transmit signals are prbcessed'by the first transmit / 
receive block 530 and are then upconverted, filtereci andl amplified in blocks 510, 
540, 520, respectively, prior to transmission 1 via the antenna 570. Conversely, 
during uplink reception, the duplexor 560 couples the antenna 570 to the first 
receive block 580 and isolates the antenna 570 from the second transmit block 
520. Radio frequency signals are received at the antenna 570 and then amplified, 
filtered and downconverted in blocks 580, 540 and 590, respectively, prior to 
being processed by the first transmit / receive block 530. Because the transmit 
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and receive processing paths share certain components (i.e., those components in 
the first and second transmit / receive blocks 530, 540, which are typically very 

expensive), a base station transceiver constructed in accordance with the invention 

. *v . w- ■ y ::■.-/■■ .^r;..;;;? r ' ; :* \ ,' ; _ . v.- „ r ; 

can be made smaller and less costly as compared to conventional TDM A / FDD 

■' - ■ - > ■ .,v-~t/\- t,: -yr::y\r 'is - i 

5 . transceivers. 

In sum, the present invention teaches a time-division multiple-access 

system including a flexible frequency-time division duplex mechanism. The 

disclosed system enables existing time-division multiple-access / time-division 

duplex hardware to be utilized for applications where dual duplex frequency bands 

10 are required. The system maintains the flexibility of either using the same 

*•>: ' . -v - • -t • -V1I..J ,»•;,.-♦ • .»' 

frequency band or separate bands for uplink and downlink communication. In 

each case, time-division duplex capability is maintained such that hardware cost 

• • ' '■ . ; v. ;::.,r. : ■■<> ■iu..ir r :.'c <:*']_:: .• y- : ; . - f 

and power consumption is minimized. 

Those skilled in the art will appreciate that the present invention is not 

15 limited to the specific exemplary embodiments which have been described herein 

v fpr purposes of illustration. The^ scope of the invention, therefore, is defined by 

the claims which are appended hereto, rather than the foregoing description, and 

all equivalents which are consistent with the meaning of the claims are intended to 



20 



be embraced therein, ■ . . . . 



j 
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We Claim : 

' * ; '<-c .,;/^.;'i ; ;'»M .,i . ~ r ;:t i. r 

1 . A base station for use in a wireless communications system 

including a plurality of mobile stations, said base station comprising: 

a transceiver configured to transmit downlink conimunications 

■* »* 

signals to said mobile stations via a first carrier frequency and to receive uplink 

communications signals from said mobile stations via a second carrier frequency, 

:**/•!- ■■-*"" . 'Ji-V'- ..r.^.";^ v*.; 1 ... t . '~.s- ^ z .': : 

the downlink and uplink communications signals being transmitted anci received 

\. : : ' v.: _ r.; it a m .> i? : ., a * 's^-r: . jv;-::-::.-- 

via successive time division multiple access frames, each frame including a 
. ^' : t ••• ■ -;• v 4 - 'frr ^' ; o- ■*:■.• -* . v> . r. ■' - ' T 
plurality of time slots, 

: - i ' : * i", s : ; j' r ':' 1/^.1 t--:L '• : r, 'fL - 'z 

wherein, for each active communications lint between said base, 
■ \ . : ;/>;';(: ■ . . ;i, y< : _ [.^; f ;o .-. ' .. : • \rj ...•••> *o < . 

station and a particular mobile station, a first time slot in each frame is allocated 
• : " ■ " ;-:' o;L .. »;;, i,-:: :t*/K -r . ■ . 

for downlink communication to the particular mobile station and a second tune 

slot in each frame is allocated for uplink communication from the particular 

mobile station, the first and second allocated time slots being separated in time, by 

a fixed time offset, and 

wherein a duration of the fixed time offset can be different for each 

; ^ .-..".in* .1- y c: iur^^-. .r?:i$vs.'i !/.!*•.. cr.s .i^- .'■ 

active communications link. 



2. A base station according to claim 1 , wherein each' time slot in the 
time division multiple access frames can be allocated for either one of downlink 
and uplink communication. 



3. A base station according to claim 1, wherein said base station is 
configured to select, for each active communication link, the time slot which is 
allocated for uplink communications. 
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4 . „ A base station according to claim 1 , wherein said base station is 
configured to select] for each active communication link, the time siots which are 
allocated for uplink and downlink communications. 

5. _A base station according to claim 1, wherein, for each active 
conimunication link, said base station is configured to select, on command from a 
mobile station, the time slots which are allocated for uplink and downlink 
communications. 



10 6. . A base station according to claim 1 , wherein each frame is of a 

duration T and>cludes a number^ 2N, of time slots, each time slot feeing of a 
duration T/2n! and wherein the fixed time offset for each active communication 
link is given by AT = (T/2N)*m, m being an integer in a range from 1 to 2N-1. 



i<5 7 A wireless communications system, comprising: 

a plurality of mobile stations; and 
at least one base station configured to transmit downlink 
commumcatiDns signals i to said mobile stations via a first carrier frequency and to 
receive uplink communications signals from said mobile stations via a second 
20 carrier frequency, the downlink and uplink OTnimunicatibns signals being 

transmitted and received via successive time division multiple access frames, each 
frame including a plurality of time slots, 

wherein, for each active communications link between a particular 
, base station and a particular mobile station, a first frame time slot is allocated for 
25 downlink communication from the particular base station to the particular mobile 

. station and a second frame time slot is allocated for uplink communication from 



WO 99/26437 PCI7US98/24370 



-17- 

the particular mobile station to the particular base station, the first and second 

■ ■ i v . ' iu _. : ::i.'ix .* 
, allocated time slots being separated in time by a fixed time offset, and 

>■"'-»■■'•* '' * * i'-".. m'. l- *; : ... ■..—?*> i -;■ '-!■: z f \ .v-,->j. ' ■ 

wherein a duration of the fixed time offset can be different for each 
.a: '■ -\Ju \-. iTO.- ; ' r ..t. . . 

active communications link. 

8. A communications system according to claim 7, wherein each time 
slot in a time division multiple access frame can be allocated for either one of 
downlink and uplink communication. 



10 ?• A communications system according to claim 7, wherein base z 

stations are configured to select, for each active communication link with a mobile 

station, the time slots which are allocated for downlink and uplink 1 

'■'j..-* . r:' m. .- : .t \-"f :i-;f ?o sr.i*; * xi" sr!; : j>-^o> '.-^ ; 
, communications . 

* ' ■*' * j * ; ' j : * - ^ * ■' '■-"■en is a. .nv • ' J 'i . = .\ . 

15 10. A communications system according to claim 7, wherein mobile 

stations are configured to select the time slots which allocated for downlink and 
uplink communications . 

11. A commumcations system accordmg to claim 7, wherein mobile 

20 stations are configured to select the time slots allocated for downlink 

... r:,,.: ir.o.:-;..£.:L , iiVK»;, y Lit v L *:•' , ."/r.-..- • - • - • - : - 
communication and base stations are configured to select' the time slots allocated 

for uplink communication. 

12. A communications system accordmg to claim 7, wherein each tune 



25 division multiple access frame is of a duration T and includes a number, 2N, 

time slots, each time slot being of a duration T/2N, and wnereih the fixed time 
offset for each active communication link between a base station and a mobile 



of 
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station is given by AT = (T/2N)*m, m being an integer in a range from 1 to 
2N-1 

13. A communications system according to claim 7, wherein two base 

' -"• u : run ......Kt : ^ s ;ii s^u "ot ^ .%»•;.? a <• r 

5 stations are co-located to provide complete time and spectral coverage for a 

. - ^ -* bi^" r ?.r i .*:z:i. "i''J"_ -, r ' ;> vj' v - • *. '; 4 * 

particular system coverage area. 

14. A method for conducting communications between a base station 

v ■-■ ' '■>■■ - " - w :n j -; .v ' -*L *,,t r . r : :: • ; 

and mobile stations in a wireless communications system, comprising the steps of: 
•• '-' * - , ■ ' ■■' 2^\t\ ;r:i."Ci v. o - » 

10 transmitting downlink and uplink communications signals between 

the base station and the mobile stations using successive time division multiple 

access frames, each frame including a plurality of time slots, wherein the 

downlink communications signals are transmitted from the base stations to the 

mobile stations using a first carrier frequency and the uplink communications 

15 signals are transmitted from the mobile stations to the base station using a second 

carrier frequency; and , 

for each active communications link between the base station and a 

. il'i i'Vf 

particular mobile station, 

allocating a first time slot in each frame for downlink 

20 communication to the particular mobile station, 

'' <'-.: ' •* ^ -in? y - j ■ j ■; f t 

allocating a second time slot in each frame for uplink 

. communication from the particular mobile station, and 



selecting a duration of a fixed time offset between the first and 
second allocated time slots. . 



25 
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15. A method according to claim 14, further comprising the step of co- 
" ->i lt .. .: - ;;t*. - \ _: v 

locating the base station with a similarly constructed second base station to 

thereby provide complete time and spectral coverage for the mobile stations. 

?'~ *" .*" "i't. 1 • inczo^:*. -? to ;:urt;n..c f . l ~ 

5 16. A base station for use in a wireless communications system 

' '.. r-:; vm:: ^ ;onoj * .vov; , ; '..;-r-..i-o. / •= ? 

including a plurality of mobile stations, said base station comprising: 

>:>--• . r.tv ;, rv. 

a transceiver configured to transmit downlink communications 

signals to said mobile stations via a first carrier frequency and to receive uplink 

communications signals from said mobile stations via a second carrier frequency, 

10 the downlink and uplink communications signals being transmitted and received ?. 

via successive time division multiple access frames, each frame including a 

plurality of time slots, 

■. fl-v (t -. ■ v .'i - : ■ iiri.j'»'. ?r :L..r ,■>-... -j 

wherein a downlink signal processing path and an uplink signal 
• : ..p.** ; ■.>;, ' .noij ? :-jn;rrrirjj ,7 .i.j r •: ;\ 
processing path of said transceiver share common signal processing components. 

" cr v" : .\:j! f ",u briii v?rt;;<;-; ay - *: ■ .-(•"'* ;: . jj-j ^:v* : ' . *- 

; ■ ' " ' :f -;.v.^ j.j ■■* : c . : i n" ■-. r, »y. ;.<:;(■::* ■ ,t : v* 

17. A base station according to claim 16, wherein said shared signal 

processing components include at least one of a filter, a local oscillator and a 
modem. 

•-: . "i*1:>ri . . 

: * r.wj . ; i ;.:>. i.y* r ; «: :•!., i. 

20 18. A base station according to claim 16, wherein, for each active 

.:!<;< v" '.'.r.i u* y <: f -r^ 1 -, - > 

communications link between said base station and a particular mobile station, a 

first time slot in each frame is allocated for downlink communication to the 

r: .; ?i ; to;^- ,;.).< ~ ■■ 
particular mobile station and a second time slot in each frame is allocated for 

uplink communication from the particular mobile station " the first and second 

25 allocated time slots being separated in time by a fixed time offset. 



15 
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19. A base station according to claim 18, wherein each time slot in the 

time division multiple access frames can' be allocated for either one of downlink 

•* ■ 

and uplink communication. ; 



1 ■ 



20. -A-base station according to . claim 18, wherein a. duration of the 



fixed time offset can be different for each active conununicatrpns; 



1 ' ) - 
V 



\ 

- \ ■' 



link. 



21 . A base station according to claim 20, wherein each frame is of a 
duration T and -includes a number, 2N, of time slots, ^ach-time slot being of a 

10 duration T/2N, and wherein the^duration of the fixed time offset for each active 
communications liiik is given byAT;= (T/2N)*m, m being an integer in a range 
from 1 to >-.^7^.,... J 

; ■'' . y X i \ 

22. ' " TTbase station according to-elaina : 18, wherein ;a" duration of the 

: ' . x -' i 2rA \\\ 

15 fixed time offset is JBe same for eachi active^munjinications link. , 



23. A base stdtion according to claim 22, ^vherein each frame is of a 
duration T zuiti incju^esa number, 2N,"X)ftime slots, Saclj time slot being of a 
duration T-/2N>- and wherein the duration of -fee fixed time offset for each active 
20 communicatidns link is T/2; \ ' 
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